Introduction
Rheumatoid arthritis (RA) is a chronic autoimmune disease characterized by systemic inflammation, joint destruction, and impairment in physical function and health-related quality of life (HRQOL) (1) . Improvements in HRQOL, pain, physical function, and fatigue are often more important and meaningful to patients than improvements in composite disease activity measures when evaluating new therapies (2) . This patient preference is reflected by Outcome Measures in Rheumatology, American College of Rheumatology, and European League Against Rheumatism recommendations, and in US Food and Drug Administration guidance, all of which highlight the importance of including clinically relevant patient-reported outcomes (PROs) when designing clinical trials of potential RA treatments (2) .
Tofacitinib is an oral Janus kinase inhibitor for the treatment of RA. Tofacitinib 5 mg twice daily (BID) and tofacitinib 10 mg BID have demonstrated consistent efficacy in reducing the signs and symptoms of RA and produced improvements in PROs, with manageable safety profiles across 6 phase III studies (3) (4) (5) (6) (7) (8) , either as monotherapy or in combination with conventional diseasemodifying antirheumatic drugs (DMARDs).
The phase III ORAL Sync 12-month, randomized controlled trial (RCT) assessed tofacitinib treatment in combination with stably dosed DMARDs in adult patients with active RA and previous inadequate responses to DMARDs and/or biologic DMARDs. Tofacitinib 5 mg BID and 10 mg BID demonstrated rapid, significant, and clinically meaningful improvements in signs and symptoms of RA and physical function, with a safety profile consistent with that observed in other phase III studies (4) . Patients treated with tofacitinib reported mean changes from baseline in the Health Assessment Questionnaire disability index (HAQ DI) and the Functional Assessment of Chronic Illness Therapy-Fatigue (FACIT-F), comprising 13 items assessing fatigue to give a total score ranging 0-52, with higher scores indicating lower fatigue, which were statistically significant compared with placebo (4). Here we present further PRO data, including HRQOL, from the ORAL Sync study.
Patients and methods
Study design and participants. ORAL Sync was a 12-month, double-blind, RCT conducted across 114 centers worldwide between May 2009 and January 2011 (full details of the study design have been reported previously [4] ). The trial was conducted in compliance with the Declaration of Helsinki and the International Conference on Harmonisation Good Clinical Practice Guidelines and was approved by the institutional review board or independent ethics committee for each study center. All patients provided written, informed consent.
Patients were ages $18 years with active RA, defined by $4 tender joints, $4 swollen joints (68-or 66-joint count), and an erythrocyte sedimentation rate $28 mm/hour (Westergren method) or a C-reactive protein level .7 mg/liter. Patients must have had an inadequate response to $1 conventional or biologic DMARD before baseline, and continued stable background DMARD therapy throughout the trial. The background DMARD therapy included methotrexate, sulfasalazine, antimalarials, and other nonimmunosuppressive conventional DMARDs, administered alone or in combination. Key exclusion criteria included hemoglobin level ,90 grams/liter, hematocrit ,30%, leukocyte count ,3.0 3 10 9 cells/liter, neutrophil count ,1.2 3 10 9 cells/liter, platelet count ,100 3 10 9 cells/liter, estimated glomerular filtration rate #40 ml/minute per 1.73 m 2 (Cockcroft-Gault equation), aspartate aminotransferase or alanine aminotransferase levels .1.5 times the upper limit of normal, and evidence of active infection, including inadequately treated latent or active Mycobacterium tuberculosis.
Patients were randomized 4:4:1:1 to receive tofacitinib 5 mg or 10 mg BID, or placebo advanced to 5 mg or 10 mg BID. At month 3, placebo nonresponders (without $20% reductions from baseline in swollen and tender joint counts) were advanced blindly to tofacitinib 5 mg or 10 mg BID; tofacitinib nonresponders at month 3 continued the same treatment. At month 6, all patients still receiving placebo were advanced blindly to tofacitinib 5 mg or 10 mg BID.
Assessment of PROs. All PROs were predefined as secondary trial outcomes and reported at month 3, i.e., before advancement of placebo nonresponders from placebo. Patient global assessment of arthritis (PtGA) and patient assessment of arthritis pain (Pain) used a 100-mm visual analog scale (VAS); physical function was assessed by
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At month 3, treatment with tofacitinib 5 mg twice daily and 10 mg twice daily resulted in significantly greater improvements from baseline in patient global assessment of arthritis (PtGA), patient assessment of arthritis pain (Pain), and Health Assessment Questionnaire disability index (HAQ DI) score compared with placebo (P , 0.0001). The proportion of patients reporting improvements greater than the minimum clinically important differences in PtGA, Pain, and HAQ DI at month 3 was significantly greater with both doses of tofacitinib versus placebo (P , 0.0001). Treatment with tofacitinib 5 mg twice daily and 10 mg twice daily resulted in significant improvements (P , 0.05) compared with placebo at month 3 in Short Form 36 health survey (SF-36) physical component and mental component scores, and 7 of 8 SF-36 domains with 5 mg twice daily and all 8 SF-36 domains with 10 mg twice daily. At month 3, significantly greater mean improvements from baseline (P , 0.001) in Functional Assessment of Chronic Illness Therapy-Fatigue and Medical Outcomes Study Sleep scores were reported by patients treated with both doses of tofacitinib versus placebo. HAQ DI. HRQOL was evaluated using the Medical Outcomes Study (MOS) Short Form 36 health survey (SF-36) questionnaire (acute version), comprising 8 domains (physical functioning, role-physical, bodily pain, general health, vitality, social functioning, role-emotional, and mental health) scored 0-100, with higher scores indicating better HRQOL. In addition, the individual SF-36 domain scores were combined into physical component summary (PCS) and mental component summary (MCS) scores. Sleep was assessed by the MOS Sleep scale, which queries 6 aspects of sleep to give a total score ranging 12-71, with lower scores indicating better sleep.
Minimum clinically important differences (MCIDs) were defined as $10-mm decreases from baseline in PtGA and Pain VAS scores, $0.22-point decrease from baseline in HAQ DI, $2.5-point increases from baseline in SF-36 PCS and MCS scores, $5-point increases from baseline in SF-36 domain scores, and $4-point increase from baseline in FACIT-F (9) . No MCID has been defined for the MOS Sleep scale.
Statistical analysis. Data are presented for the full analysis set (all patients randomized who received $1 dose of study drug with $1 post-baseline assessment) without imputation for missing values. Imputation for missing values is normally applied to model the placebo response, assuming placebo patients had not advanced to tofacitinib treatment after month 3; however, all PROs as secondary outcomes were reported at month 3 before advancement of placebo nonresponders. Estimates of mean changes from baseline for each treatment and mean differences from placebo at month 3 were derived from the model as least squares means (LSMs), with corresponding SEs. The percentages of patients reporting improvements $MCID in PROs at month 3 were compared between the tofacitinib and placebo treatment groups (except for MOS Sleep) in a post hoc analysis using the normal approximation to the binomial. Statistical significance was declared at a P value of less than or equal to 0.05, with no correction for multiple comparisons. The number needed to treat (NNT) was calculated as 1/(proportion of patients receiving placebo not reporting changes $MCID minus the proportion of patients using tofacitinib not reporting improvements $MCID).
Correlation analyses at month 3. Correlation analyses (Pearson's correlation) were performed to investigate potential interactions between PROs at month 3. Changes from baseline in each PRO were correlated pairwise, both among themselves and with the change from baseline in clinical efficacy (assessed using the Simplified Disease Activity Index [SDAI]) at month 3. Results of analyses were presented for each treatment group using descriptive statistics.
Results
Patients. Patient disposition and demographics have been reported previously (4 Baseline values. Baseline patient demographics were similar across treatment groups: mean age ranged 51.9-52.7 years, the proportion of women was 77.4-83.8%, and the mean disease duration was 8.1-9.9 years (4). Overall, 6.0-7.3% of patients had received previous treatment with tumor necrosis factor inhibitor (TNFi) therapy, and 0-7.6% had received non-TNFi biologic agents. The mean number of failed DMARDs was 1.3-1.4 (4). At baseline, mean PtGA and Pain scores ranged 57. Month 3 values. PtGA. At month 3, treatment with tofacitinib 5 and 10 mg BID resulted in significantly greater improvements from baseline in PtGA versus placebo ( Figure 1A ; P , 0.0001 versus placebo for both), with significantly more (P ,0.0001) patients reporting improvements $MCID; NNTs were 5.2 and 4.3, respectively (Table 1) .
Pain. Patients in both tofacitinib groups reported significantly greater improvements from baseline in Pain at month 3 compared with placebo ( Figure 1B ; P , 0.0001 versus placebo for both), with significantly more (P , 0.0001) patients reporting improvements $MCID; NNTs were 4.6 for tofacitinib 5 mg BID and 4.2 for 10 mg BID (Table 1) .
HAQ DI. Treatment with tofacitinib 5 and 10 mg BID resulted in significantly greater LSM changes from baseline in HAQ DI versus placebo (P , 0.0001 versus placebo for both) at month 3, with significantly more (P , 0.0001) patients reporting changes $MCID; NNTs were 4.7 and 4.0, respectively (Table 1) .
SF-36 PCS and MCS. LSM changes from baseline in SF-36 PCS and MCS scores at month 3 were significantly greater for tofacitinib-treated patients versus placebo (Figures 1C and 1D ; P , 0.0001 for PCS, and P , 0.05 for MCS), with significantly more patients reporting improvements in PCS and MCS scores $MCID (5 mg BID: P , 0.001 for both; 10 mg BID: P , 0.0001 for PCS, and P , 0.05 for MCS); NNTs were 5.8 and 3.7 for PCS, and 6.0 and 8.3 for MCS, respectively (Table 1) .
SF-36 domain scores. At baseline, mean scores across all SF-36 domains indicated substantial impairment in HRQOL compared with an age-and sex-matched US normative population (Figure 2 ). At month 3, improvements reported by patients treated with tofacitinib 5 mg BID in 7 of 8 domains were statistically significant versus placebo (P , 0.001 for all domains except role-emotional), and across all 8 domains (P , 0.001; P , 0.05 for role-emotional) with tofacitinib 10 mg BID (Table 1) .
A significantly greater proportion of patients reported improvements $MCID at month 3 across all domains except role-emotional with tofacitinib 5 mg BID (P , 0.05) and all 8 domains with 10 mg BID (P , 0.001; P , 0.05 for (Table 1) .
FACIT-F. Patients receiving both doses of tofacitinib reported significantly greater improvements (P , 0.0001) from baseline in FACIT-F at month 3 versus placebo.
Significantly more patients reported improvements $MCID (P , 0.05 for 5 mg BID, and P , 0.0001 for 10 mg BID); NNTs were 7.7 and 4.4, respectively (Table 1) .
MOS Sleep. At month 3, significantly greater LSM changes from baseline (P , 0.001 for 5 mg BID, and P , 0.0001 for 10 mg BID) in MOS Sleep score were reported by tofacitinib-treated patients compared with placebo ( Table 1) . 
Discussion
PROs assessing HRQOL and fatigue are considered important in RCTs of RA treatments because, in addition to being incorporated into composite disease activity measures, they reflect aspects of disease impact (such as physical function, physical and emotional wellbeing, pain, and fatigue) that are likely more important to patients than joint counts or laboratory tests (2) .
In this study, baseline SF-36 scores reflected a substantial burden of disease compared with a benchmark age-and sexmatched normative population. Treatment with tofacitinib 5 and 10 mg BID in combination with DMARDs resulted in statistically significant improvements versus placebo at month 3 in PtGA, Pain, HAQ DI, SF-36 PCS and MCS scores, 7 and 8 SF-36 domains, respectively, FACIT-F, and MOS Sleep. These improvements resulted in generally small, clinically meaningful NNTs and were sustained to month 12. Sleep disturbance is associated with disease activity and pain in RA . Horizontal dotted lines represent the minimum clinically important differences (MCIDs). Arrow and vertical dotted line denote completion of advancement to tofacitinib for patients randomized to placebo. Advancement to tofacitinib was at month 3 for placebo nonresponders and at month 6 for all remaining placebo-treated patients. BID 5 twice daily; * 5 P , 0.05; ** 5 P , 0.01; *** 5 P , 0.0001 versus placebo. 596 Strand et al and affects mood (10); it is encouraging, therefore, that in this trial, reported improvements in HRQOL and fatigue were accompanied by similar changes in MOS Sleep. Together, these results demonstrate a broad benefit of tofacitinib treatment on the physical and mental burden of RA. The clinical importance of these results is supported by significantly greater proportions of patients in both tofacitinib treatment groups reporting improvements $MCID, with correspondingly small NNTs. With the exception of the role-emotional domain with the 5 mg BID dose, reported improvements in PROs were statistically significant and clinically meaningful with both tofacitinib doses, generally higher with 10 mg BID, and consistent with the primary results of the trial (4) .
Results of this trial are also consistent with those reported in the other phase III RCTs of tofacitinib in RA, where statistically significant and clinically meaningful improvements across a range of PROs were reported in methotrexate-inadequate responders (ORAL Standard trial [NCT00853385]) (8) and biologic DMARD-inadequate responders (bDMARD-IR; ORAL Step trial [NCT00960440]) (7) . Data from the present trial are also consistent with those from RCTs of bDMARDs in DMARD-IR populations, including adalimumab (11) , etanercept (12), golimumab (13) , infliximab (14) , and tocilizumab (15) .
A limitation of this study was the short duration of placebo exposure, with advancement from placebo occurring in 2 stages at months 3 and 6. Therefore, although improvements in PROs were reported to month 12, direct comparison with all placebo-treated patients beyond month 3 was not possible. A second limitation was that enrollment in the study was not stratified by background DMARD therapy, which varied among patients, with most receiving methotrexate, alone or in combination with other conventional DMARDs. In this analysis, missing data were not imputed; however, LSM change from baseline was calculated and is considered to be less sensitive to missing data than use of arithmetic means.
In conclusion, this RCT demonstrated that tofacitinib 5 and 10 mg BID in combination with DMARDs resulted in significant and clinically meaningful improvements versus placebo across a broad range of PROs in conventionaland bDMARD-IR patients with active RA. These changes from baseline were sustained through month 12 and provide further evidence that treatment with tofacitinib improves pain, physical function, HRQOL, fatigue, and sleep, in addition to underlying disease activity. 
